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ABSTRACT: The aim of the present study was to assess the relative competition between white clover (cv. BRS URS Entrevero) and weed
species Silene gallica L. through replacement series. The experiments followed a completely randomized design with four replications.
The first study showed that the shoot dry mass of both species (white clover and S. gallica) became constant with 16 plants.pot® or
400 plants.m?.1n 2017, a study was conducted and it was repeated in 2018 in order to assess white clover competition with S. gallica under
different crop:weed proportions pot?* (100:00; 75:25; 50:50; 25:75 and 00:100). Competitiveness analysis was carried out through diagrams
applied to replace experiments and through the relative competition indices. Morphological parameters such as plant height, leaf area and
shoot dry mass of the crop and the weed were measured when S. gallica plants bloomed (105 days after species emergence). Results have
proven the phenotypic plasticity of temperate-climate foragers such as white clover. This outcome shows that the competitive relationship
with Silene gallica changes due to plant proportions composing the association. Therefore, it was possible to conclude that the species
show similar competitive ability.
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INTRODUCTION

The competition skills of a certain species are related to its ability to efficiently use resources available in the environment
where it is distributed in (Rizzardi et al. 2001). Radosevich et al. (2007) listed three essential factors to predict the competition
relationship between weeds and crops: emergence time, spatial arrangement, and establishment speed. The establishment
of temperate-climate foragers such as white clover (Trifolium repens L.) is slow (Barcellos et al. 2008). Therefore, they must
establish in the absence of other competitive plants in order to avoid losses due to competition with other weeds in their
early development stages and to assure their full establishment and development (Lustosa et al. 2011). White clover yield
losses due to competition with other species can reach 96% (Schuster et al. 2013), and this number shows that this forage
species tends to deeply feel the effects of competition.

Knowing the interaction between crops and weeds is the way to find important information about real management needs
and the ideal moment for management practices. White clover was the species, among all other clover species, presenting
the best association between weed suppression and yield losses (Den Hollander et al. 2007), a fact that evidences a certain
balance in their competition relationship. However, this response can present variations depending on the weed species
in the competition.

Based on Normative Instruction no. 46/2013, Silene gallica L. is the species producing tolerated harming seeds in areas
of Lotus corniculatus and white clover production in Southern Brazil (Brasil, 2013). Its occurrence (above the allowed
levels) in the assessed lots can make them infeasible and impair the trade and availability of certified seeds in the market.
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The hypothesis advocated in the present study lied on the assumption that S. gallica is less competitive than white clover
when it comes to population ratio. Thus, the aim of the present study was to assess the relative competition ability of white

clover against weed species S. gallica based on the replacement series method.

MATERIALS AND METHODS

Three experiments were carried out in greenhouse at Faculdade de Agronomia Eliseu Maciel, of Universidade Federal
de Pelotas (UFPel), between 2016 and 2018. The first experiment was installed in June 2016 and consisted in conducting
white clover and weed (S. gallica) monocrops. The aim of this previous study was to set the plant populations whose shoot
dry mass (SDM) per site unit becomes constant and disregards population by applying the “law of constant final yield”
(Radosevich et al. 2007). The tested forage and weed populations corresponded to 2, 4, 8, 16 and 32 plants.pot* (equivalent
to 50, 100, 200, 400 and 800 plants.m?).

The study followed a completely randomized design, with four replications. The used white clover seeds cv. BRS
URS Entrevero were provided by Empresa Brasileira de Pesquisa Agropecuaria (Embrapa). Silene gallica seeds were
collected in the field, in the experimental site of Herbology Center (CEHERB) of the Department of Crop Protection
of UFPel, Capdo do Ledo (RS). Experimental units consisted of 8-L/23-cm-diameter pots filled with soil brought from
the agricultural area of UFPel.

SDM production was determined at the beginning of S. gallica plants reproduction period by weighing the collected
mass after its drying in forced air circulation oven at 60°C + 5°C until it reached constant weight.

Silene gallica SDM production became constant from 20 plants-pot™, or 500 plants-m on; white clover, in its turn, became
constant from 16 plants-pot™, or 400 plants.m? on. The mean number of plants from each species was calculated in order to
determine the plant ratios to be used—the calculations were adjusted to allow plant distribution in ratios necessary to carry
out the replacement series method. The final population of 16 plants.pot or 400 plants-m? were used in the experiment
(data not shown).

Based on results recorded for the previous experiment, two studies were conducted according to the replacement
series in June 2017 (first year); they were repeated in June 2018 (second year). The replacement series comprised the
following white clover: S. gallica ratios: 100:0 (monoculture of forage); 75:25; 50:50; 25:75; and 100:0% (monoculture of
the competitor plant). These ratios were sown in 8-L pots filled with 8 kg of soil; they were irrigated whenever necessary
to keep soil humidity at field capacity. Population larger than the desired one was sown in order to assure the ideal
population in the pots; population adjustment was performed at plantlet establishment. Treatments followed a completely
randomized design, with four replications.

Variables were determined at the beginning of S. gallica plants’ reproduction period: plant height (PH), leaf area (LA)
and the SDM of the forage and competitor plants. Plant height (PH) was measured with millimeter ruler, LA was measured
with leaf area meter LI 3100C (LI-COR Biosciences, Lincoln, United States of America), and SDM was determined as
previously described.

Variables PH, LA and SDM of the forage and the weed were obtained through graphic analysis method applied to
relative yield (Radosevich 1987), based on a replacement series. The data analysis model and its interpretation followed
that described by Radosevich (1987).

Relative competition indices (RC), relative grouping coefficient (K) and competition coefficient (C) were calculated based
on 50% culture:competitor ratio. RC represents species X comparative growth in comparison to species Y; K points out
the relative dominance of a species over another; and C highlights the most competitive species (Cousens, 1991). The joint
interpretation of these values (RC, K and C) accurately indicates the competitiveness of the involved species. Accordingly,
species X is more competitive than T when RC > 1, K > K . and C > 0; on the other hand, species Y is more competitive
than species X when RC < 1, K <K, and C < 0 (Hoffman and Buhler, 2002). To be considered significant, at least two

criteria must have significant differences (Bianchi et al. 2006).
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Differences in RY values recorded at ratios 25, 50 and 75% plants in relation to RY values, in comparison to values
recorded for hypothetic lines at the respective proportions, were calculated to statistically analyze relative yield (Bianchi et al.
2006). The t test at 5% possibility level was used to test differences in the assessed indices in comparison to the hypothetical
line (Roush et al. 1989; Hoffman and Buhler 2002) and to find statistical significance-at least two plant ratios had to present
significant difference from each other (Bianchi et al. 2006).

The null hypothesis used to test RY and C differences were constituted based on the principle that if total relative yield
(TRY) and RC were equal to zero (HO = 0), measured were equal to 1 (HO = 1), and, with respect to index K, differences
between K _and Ky would be equal to zero: HO = (K — Ky) = 0. Results recorded for morphological features (PH, LA, SDM)
of forage and weed (S. gallica) species were expressed in mean value per plant. Data normality was tested through Shapiro-
Wilk test (p = 0.05); therefore, data transformation was necessary. Next, variance analysis was carried out through F test
(p £ 0.05). In case of significant difference between treatments, their means were compared through Dunnett’s test
(p < 0.05) by taking into consideration monocultures as the untreated check in these comparisons.

RESULTS AND DISCUSSION

Relative yields were quite close to the hypothetical line plotted for plants cultivated (in separate) when white clover’s PH
was analyzed. However, forage presented significant differences at two plant proportions: 50:50 and 25:75 (forage:competitor).
White clover hypothetical line was higher at the 50:50 ratio; this outcome points towards greater efficiency to capture
resources available in the environment (Fig. 1).

White clover’s PH was lower than the hypothetical line at the 25:75 proportion, in the first year (Fig. 1a). This outcome
can highlight that bigger forage populations present higher performance than the expected. However, increase in the
population of competitor plants at ratio 25:75 had effect on white clover due to competition, a fact that indicates that
interspecific competition is higher than the effect of the intraspecific one-it is the most efficient competitor in the search
for resources available in the environment. The RY of S. gallica presented concave line, but there was significant difference
at ratio 25:75, when there was significant reduction in comparison to the hypothetical line representing the RY recorded
for the competitor that was growing freely-without the presence of the sown culture.

In the second year, the graphic analysis applied to RY of white clover’s PH plotted a concave line presenting significant
deviation in comparison to the hypothetical line when the forage species was at the same ratio of the competitor (Fig. 1b).
The RY of S. gallica, in its turn, presented different behavior depending on plant ratio; RY of the competitor was statistically
higher than the hypothetical line at higher forage ratio. However, the RY of S. gallica was significantly lower than the
hypothetical line at ratio 25:75 (forage:competitor) (Fig. 1b).

The behavior of white clover and S. gallica TRY and PH back in 2017 and 2018 was similar. There was trend of concave
line formation, mainly at ratio 25:75 (forage:competitor), which means antagonism, i.e., there was growth loss in both
species (Figs. la and 1b). This behavior points towards mutual loss between white clover and S. gallica when there was a
large number of competitors at the assessed plant ratios, although there was statistical significance at only one plant ratio.

White clover and competitor responses recorded for LA can be seen in Figs. 1c and 1d. In 2017, forage’s RY led to
concave line, which has differed from the hypothetical line at two plant ratios, 50:50 and 25:75. This outcome highlights
strong competition between species for resources in the environment. This same behavior was recorded for the RY of
S. gallica, which once more showed that the competition took place due to the same resources. TRY differed at the 50:50
and 75:25 ratio; it recorded value less than the hypothetical line plotted for culture yield.

In the second year, RY results due to white clover LA were similar to that recorded in the previous year; it plotted a
concave line, which was different from the hypothetical line at three tested plant ratios (Fig. 1d). This outcome highlights
that the forage was strongly influenced by the presence of competitor S. gallica. On the other hand, RY recorded for the
competitor resulted in convex line, different from values recorded in 2017, which is also different from the hypothetical
line without competition at two plant ratios 50:50 and 25:75, which evidenced benefits to the competitor and that the weed
was more efficient in capturing resources available in the environment.
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Figure 1. Relative yield (RY) and total relative yield (TRY) recorded for the (a and b) plant height, (c and d) leaf area and (e and f) shoot dry
mass of white clover and Silene gallica (competitor). Faculdade de Agronomia Eliseu Maciel, Universidade Federal de Pelotas, Capao do
Ledo (RS), 2017 and 2018.
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In the second year, TRY was different from the hypothetical line in only one plant ratio; 75:25 (forager:competitor), which
highlighted that white clover stands out at higher ratios (Fig. 1d). The behavior of the forage’s RY explains the TRY’s behavior,
because white clover RY led to concave line and S. gallica’s RY resulted in convex line. This process ended up compensating
white clover’s concave line, which could lead to TRY values much closer to the hypothetical line plotted for the cultures.

Variable SDM between white clover and S. gallica was used as an accurate and usual indicator of competition effects
(Aschehoug et al., 2016). It was possible observing that there were no significant differences in species’ behavior in the first year
neither in RY nor in TRY (Figs. 1e and 1f), since the lines were quite close to the hypothetical lines plotted for species yield. As
for the second year, behavior was different, white clover RY was influenced by the presence of the competitor, which resulted
in concave line. This outcome statistically differed from the hypothetical line at all assessed plant ratios, which indicated that
the competitor is less efficient than S. gallica.

The RY applied to the SDM of competitor S. gallica plotted convex line in the second year. This outcome was statistically
different from the hypothetical line at two plant ratios, 50:50 and 25:75, which showed that increased weed population
in the mixture made it more competitive than white clover, since it was more efficient in using resources available in the
environment (Fig. 1f). Because two species have shown different RY behavior-white clover, concave line; and S. gallica,
convex line-, the TRY of both species were quite close to the hypothetical line. They presented significant difference at
ratio 25:75, which led to reduced expected yield. Based on SDM results, mainly in 2018, it was possible inferring that white
clover has competition potential lower than that recorded for S. gallica.

The relative growth of variable PH (Table 1) in white clover and S. gallica in the first year showed that the forage species did
not show significant difference in comparison to the untreated check, without the presence of the competitor. Back in the second
year, white clover presented PH reduction at ratios 50:50 and 25:75 (forage:competitor), which has evidenced that, similar to
the increase in the population of S. gallica plants, white clover plants have had negative response and presented reduced height.

Table 1. White clover response to the interference of competitor Silene gallica expressed in plant height (PH), leaf area (LA) and shoot dry
mass (SDM) recorded in experiments conducted in replacement series. Faculdade de Agronomia Eliseu Maciel, Universidade Federal de
Pelotas, Capao do Ledo (RS), 2017 and 2018.

Plant ratio (White clover:Silene gallica)

Plant ratio PH (cm) LA (cm?plant?) SDM (g-plant?)
(forage:competitor) 2017
White clover
100:00(T) 12.00 0.88 0.23
75:25 13.56 0.85 0.25
50:50 13.63 0.57* 0.25
25:75 10.69 0.21* 0.15
CV (%) 15.85 51.87 3513
Silene gallica
100:00(T) 16.19 1.08 0.38
75:25 13.44 0.64* 0.39
50:50 14.00 0.60* 0.38
25.75 10.00* 0.60* 0.55
CV (%) 21.89 4313 3513
2018
White clover
100:00 (T) 17.27 67.34 0.62
75:25 14.27 32.26* 0.26*
50:50 13.68* 30.31* 0.26*
25:75 12.56* 25.71* 0.21*
CV (%) 1798 52.55 5799
Silene gallica
100:00(T) 20.34 73.38 0.77
75:25 1769 80.74 0.81
50:50 2199 112.06* 1.25*
25:75 29.15* 202.73* 2.28*
CV (%) 21.22 4779 53.05

*Means are different from the untreated check (T) in the Dunnett’s test (P < 0.05); CV: coefficient of variation.
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White clover presence made S. gallica’s PH value decrease in 2017 at ratio 25:75, which means greater interspecific
than intraspecific competition. However, in 2018, results were different from those recorded in the previous year, since
S. gallica plants presented PH increase at ratio 25:75. This statistically differed from results recorded for the untreated check
in the monocrop. Thus, intraspecific competition was higher than that recorded for the interspecific one, because smaller
populations of S. gallica plants recorded higher height than the PH recorded for plants in the monocrop. Intraspecific
competition in most studies appeared more important than the interspecific one and such finding allowed balance between
plant populations (Adler et al. 2018).

Forage LA was influenced by the conditions in the two years of study, based on the analysis of interaction between
white clover and S. gallica (Table 1), which presented significant reduction at ratios 50:50 and 25:75. This outcome indicated
that white clover was more influenced by S. gallica plants, mainly when the ratio of these plants in the mixture was higher.
In 2017, S. gallica showed the effects of interspecific competition in LA; however, in the second year, the weed seemed to
benefit from the presence of forage even when the ratio was 25:75-LA was quite higher than the condition in monocrop.

With regards to SDM in the relationship between white clover and S. gallica in the first year, the influence of a species
over the other was not significant (Table 1). However, in the second year, SDM yield recorded for white clover at three ratios
in the mixture was significantly lower than that of the untreated check in the monocrop, which showed the effects of S. gallica.

Higher S. gallica competition potential was also confirmed by its SDM yield, which showed significant increase in
comparison to the untreated check in the monocrop at ratios 50:50 and 25:75. This outcome evidenced that the weed was
more competitive and that interspecific competition was more important in this case, differently from Adler et al. (2018),
who showed intraspecific competition as the most important one in most studies.

RC, k and C between forage and S. gallica plants were similar when their ratios were the same, as described in Table 2. The
forage was considered more competitive than S. gallica when CR > 1, Ka > Kb and C > 0 (Hoftman and Buhler, 2002). Significance,
in at least two indices, was the criteria used to classify a species as more competitive than the other (Bianchi et al., 2006).

Table 2. Competition index between white clover and competitor Silene gallica, expressed in relative competition, relative grouping coefficients
and competition recorded for plant structure variables (PH), leaf area (LA) and shoot dry mass (SDM) observed in experiments conducted
in replacement series. Faculdade de Agronomia Eliseu Maciel, Universidade Federal de Pelotas, Capdo do Leao (RS), 2017 and 2018.

Variable Re Ka Kb ¢
PH (2017)
White clover: Silene gallica 1.34 (+ 0.15) 1.32(+ 0.10)* 0.78 (+ 0.09) 0.14 (+ 0.05)*
PH (2018)
White clover: Silene gallica 112 (£ 0.16) 1.32 (£ 0.33) 1.09 (£ 0.24) 0.04 (£ 0.08)*
LA (2017)
White clover: Silene gallica 124 (£ 0.22) 0.49 (+ 0.05) 0.39 (+ 0.05) 0.05 (+ 0.05)*
LA (2018)
White clover: Silene gallica 0.30 (+ 0.06)* 0.31(+ 0.09)* 3.73(£1.03) -0.54 (+ 0.06)*
SDM (2017)
White clover: Silene gallica 112 (£ 0.16)™ 1.32 (£ 0.33)™ 1.09 (£ 0.24) 0.04 (£ 0.08)*
SDM (2018)
White clover: Silene gallica 0.26 (+ 0.06)* 0.28 (+ 0.09)* 6.66 (+2.28) -0.60 (+ 0.09)*

*Significant difference in the t test at p < 0.05; values between parameters represent the standard-error of the mean; Ka: relative grouping coefficient of forages;
Kb: relative grouping coefficient of Silene gallica; Re: relative competition; K: coefficient of relative grouping; C: coefficient of competition; SDM: shoot dry mass.

With respect to white clover growth along with S. gallica in the first year, based on PH, the forage showed its superiority
in the presence of the competitor based on the relative grouping confidence and on C index. However, the forage ended
up losing competition with S. gallica in the second year, based on LA and SDM. The three LA indices presented statistical
significance, but white clover relative competition < 1, along with Ka < Kb and with competition coefficient (C < 0), indicated
that S. gallica is more competitive than white clover.

Plant height is an important feature for species growth and development, and space occupation in the environment,
since it is closely related to plants’ efficiency to light capture (Aslani and Saeedipour 2015), but competition between plants
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can change this feature. Forages showed that the presence of a competitor caused low PH reduction in comparison to the
expectation when these plants were cultivated in separate, although white clover was the species presenting weaker habit
in comparison to the weed. However, such reduction can affect plants’ ability to capture light, since it is closely related to
competitiveness (Den Hollander et al. 2007; Kruidhof et al. 2008).

Competitors’ increased PH and LA could reduce individual liquid carbon accumulation in plants, but it would allow
these plants to stand out in comparison to forages (Aschehoug et al. 2016). Greater investment in branches and leaves, along
with lower carbon accumulation-which is boosted by the need of anticipating light capture in relation their neighbors-,
can reduce the competitive ability of these plants (Aschehoug et al. 2016).

Changes in forages’ leaf area were observed in cases in which S. gallica had negative effect on this variable, in the two
assessed years, in white clover; it indicates that this variable was strongly affected by competition. Similar results were
observed in the competition among sorghum with Urochloa plantaginea and sorghum with Euphorbia heterophylla, when
weeds led to significant reduction in sorghum’s LA (Galon et al. 2018).

Opverall, competition had little influence on variable SDM, only the white clover culture recorded significant reduction
in comparison to the forage monocrop in 2018. White clover reduction was recorded in the first year, and it showed similar
competition potential between species. But the variation recorded for white clover in the second year showed that the culture
was affected by the competitor. This outcome makes it clear that white clover is less competitive than S. gallica, because SDM
yield reduction is often observed in less competitive plants (Aminpanah and Javadi 2011; Rezaeieh et al. 2015).

Higher competition potential of weeds over the forages was also observed in the study between forage species: ryegrass
and fescue (Festuca arundinacea Schreb), which presented lower competition potential than that of five weed species:
Solidago altissima L., S. canadensis L., S. gigantea Aiton, S. virgaurea L. and Euthamia graminifolia (L.) Nutt., mainly when
it comes to biomass production (Szymura et al. 2018).

Every time a weed species causes SDM yield reduction in the crop, one says that the weed is more competitive than the
crop; therefore, it is recommended to manage the weeds, even when the population is small, in order to avoid losses due to
competition (Forte et al. 2017). Forages belonging to family Fabaceae, such as white clover, are featured by their phenotypic
plasticity (Fazlioglu et al. 2018); they can present behavioral differences between growth seasons, and it results in different
forage yields (Tracy et al. 2016; Chapman et al. 2017). Differences in the maximal, minimal, and mid temperatures, between
2017 and 2018, may have caused differences in the behavior of forages.

The maximal temperatures in the 2018 experiment were higher than the maximal temperatures recorded in 2017;
minimal temperatures in 2018 were lower than the minimal temperatures in 2017, what indicated wider thermal amplitude
in 2018. Temperatures in 2017 were lower than in 2018, on average.

Competitiveness relationship between plants can also change from one year to another-there was variation in the
individual behaviors of the species in question (Ergon et al. 2016). This differentiated plasticity and behavior due to cultivation
conditions may have led to the results recorded in the current study-it is impossible clearly assessing similar behavior in
the two assessed years. The behavior recorded in second year was the same of the first one. Biomass yield of fescue and
Lolium perenne L. has reduced approximately 70 and 50%, respectively, from one year to the other; white clover and red
clover biomass yield reduced by 30 and 20%, respectively, in different assessment years (Ergon et al. 2016).

The greatest competition potential of any plant is related to its ability to capture light in anticipation to its competitors
(Kruidhof et al. 2008). Therefore, no matter the species that gets to establish itself in anticipation, be it white clover or
S. gallica, it will have advantage in niche occupation (Schuster et al. 2013).

Fast establishment, greater and faster soil coverage increase crop competition potential when it is grown with the weed
(Kruidhof et al. 2008). Forages such as white clover stand out in temperate climate zones, but they are in disadvantage
in relation to competitors, since they present slow establishment (Barcellos et al. 2008; Lustosa et al. 2011). Thus, all the
advantage possible must be given to forages at their sowing. It is important knowing the effect of competition with the
weed and establishing integrated control strategies, such as areas lacking weeds with tolerated harming seeds (preventive
management) in forage seed production fields. It is so due to lack of chemical control options resulting from the selective
registration of herbicides in Brazil, for example, the adoption of sowing within the recommended times at appropriate
densities, in order to give advantages to the forage.
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CONCLUSION

There is phenotypic plasticity in forages from temperate climate zones such as white clover, which evidences that
competition relationships with S. gallica change due to the proportion of plants composing the association. The species
presenting similar competition ability, but the weed tended to be more skilled to it than white clover.
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